In this talk results of the study of the D 0 → π − e + ν decay channel, recorded by the BABAR detector at the c.m. energy close to 10.6 GeV, are reported. The branching fraction of this channel is measured relative to the
Motivation
The differential decay width of the D 0 → π − e + ν decay channel * as function of q 2 , the four momentum transfer squared between the D and the π mesons, can be expressed in terms of the Cabibbo-Kobayashi-Maskawa (CKM) matrix element, V cd , and, neglecting the electron mass, a unique form factor, f π +,D (q 2 ) . This form factor describes all the non-perturbative QCD effects in the D → π transition:
p * π being the pion momentum in the D 0 rest frame. The form factor can be represented as an infinitive sum of poles, corresponding to resonant states, D * i , with J P = 1 − which couple to Dπ.
For the D 0 → π − e + ν decay channel one has the advantage that part of f π +,D (q 2 ) is known, since contributions from the leading state D * and the first radially excited state D * are known and can be used to constrain the form factor [1, 2] . Another interest comes from the fact that the D 0 → π − e + ν and B 0 → π − e + ν decay channel can be related at the same pion energy, allowing, if the form factors are known, the extraction of the CKM matrix element V ub .
Analysis method
This analysis [1] is based on similar techniques as other charm semileptonic decays at BABAR [3, 4, 5] . The D 0 → π − e + ν decay channel has the difficulty that it is Cabibbo-suppressed, with a small branching fraction, and suffers in addition from large background from pions. Using 347.2 fb −1 of e + e − → cc data recorded by the BABAR detector at the Υ(4S) energy, the decay
+ ν is reconstructed using a partial reconstruction technique. The two pions and the positron are reconstructed in the same event hemisphere, requiring a tight particle identification for signal pions and vetoing kaons. The D 0 four momentum is obtained from the reconstructed particles and the missing energy from the information of the rest of the event. Constraints on the D and D * masses are applied in a kinematic fit to obtain the q 2 distribution. This method is validated using hadronic
The main issue of the analysis concerns the background suppression. Using Fisher discriminant variables against BB and charm backgrounds, the S/B rate is about 1.2, with a signal efficiency around 1.8%. To further control the several sources of background events, the mass difference between the D * and the D 0 is used. The signal region is defined as δ(m) < 0.155 GeV 2 . Two additional δ(m) windows are used to evaluate the background contributions. Using the event missing energy and the pion momentum information, the rates for the different types of background events are constrained. In this way, the main source of systematic uncertainty in the analysis, due to the background control, is assessed using data. The δ(m) distribution is shown in Fig. 1 . The distribution for MC-simulated signal and the different background distributions are superimposed. Right: the measured q 2 distribution (data points) for events selected in the δ(m) signal region is compared to the sum of the estimated backgrounds and the fitted signal component.
in 10 bins and a fit to data is applied using several parameterizations of the form factor. In Fig. 1 -right the q 2 data distribution is shown. The MC-simulated events, with corrected background components is also shown. It is verified that the angular distribution is well reproduced for the signal and background components. D 0 → π − e + ν events are normalized to the number of D 0 → K − π + decay events, trying to have a selection as similar as possible for the semileptonic and hadronic channels. The ratio
is measured to be R D = 0.0702 ± 0.0017 ± 0.0023, where the first uncertainty is statistical and the second one is systematic. Using the world average for the B(D 0 → K − π + ) [6] , the branching fraction of the
, where the third uncertainty comes from the uncertainty in the normalization channel.
Form factor interpretation
Having measured the number of D 0 → π − e + ν events as function of q 2 ( Fig. 1-right) , several parameterizations can be tried to describe and fit the form factor. One of the most extensively used is called the z-expansion, a model-independent parametrization based on general properties of QCD [7] . In terms of the variable z, defined as
where
2 , the form factor, takes the form:
where P (t) = 1 and Φ(t, t 0 ) is an arbitrary analytical function. A standar choice for Φ(t, t 0 ) is used by the different experiments [1] . The fitted parameters are commonly defined as r k = a k /a 0 for k = 1, 2, and the overall normalization of the expansion is V cd × f However, one can go further in the understanding of the D 0 → π − e + ν form factor: based on [11] and [12] , a three-poles ansatz has been developed [2] . The form factor can be expressed as an infinitive sum of J P = 1 − states (Eq. 2). The residue which defines the contribution of these states (D * i resonances) can be, in turn, expressed in terms of the meson decay constants f D * i and coupling to the Dπ final state, g D * i Dπ : For the D 0 → π − e + ν decay channel, the decay constants for the two first states, the leading D * meson and the first radially excited state, D * , have been computed by Lattice QCD [2] . The g D * ( ) Dπ couplings can be obtained from the experimental results at BABAR of the measured widths for these resonances [13, 14] . In this way the contribution of these states to the form factor is well defined and constrains f π +,D (q 2 ). In Figure 3 -left the contributions of the D * and the D * are given, together with the form factor fit to BABAR data using the z-expansion formalism. This plot reveals the fact that the form factor cannot be explained by only these two contributions, and then additional poles are needed to fill the gap between the measured data and the D * + D * contribution (gray curve). Using the constraints given by the D * and the D * poles, one can consider an effective third pole contributing to the form factor [2] . The superconvergence condition,
0 , is applied, from the behaviour of the form factor at very large values of q 2 [11] . In Figure 3 -right, the fit to BABAR data using this description of the form factor is presented. Once should note that data is well described by this ansatz. The effective third pole mass is fitted and results in the value m D * ef f = (3.6 ± 0.3) GeV , which is larger than the predicted third J P = 1 − state by quarks models (∼ 3 GeV), as it is expected since it is considered as an effective pole. A unique contribution from this predicted state is excluded by data. The gap between data points and the gray curve reveals the need of additional hadronic states to describe the form factor. Right: BABAR data and fitting curves using the zexpansion (solid blue) and the three-pole ansatz (dashed green).
V ub extraction
Having measured dΓ D 0 →π − e + ν /dq 2 , one can extract the CKM matrix element V ub from the relation between the D 0 → π − e + ν and B 0 → π − e + ν decay channels, valid for a common range in the energy of the ejected pion in the rest frame of the heavy-light meson, which is less than about E *
and v π = p π /m π are the four-velocities of the D(B) and π mesons, respectively. In terms of this quantity:
, and then at w D = w B :
The V ub element can be obtained from Eq. (6) [18] one observes that the two form factors have a similar w dependence. For w > 4, the ratio of these form factors is 1.8 ± 0.2 † . Assuming this constant value, and extrapolating to the nonphysical region the measured D 0 → π − e + ν form factor, in terms of the three-poles model, the V ub matrix element is fitted, as it is shown in Fig. 4 -left, giving the value:
The dominant contribution to the systematic uncertainty originates from the form factor ratio from Lattice. This result can be improved if Lattice QCD provides values for this ratio with better accuracy and for several values of q 2 . -V ub from the three-poles phenomenological model: Another approach consists in fitting directly B 0 → π − e + ν events using the three-pole phenomenological model for the B → π form factor, since it has been proven to work well for the D 0 → π − e + ν decay. For that one can use constraints from the residues for the first two poles, which correspond to the B * and B * 1 , taking the mass of the latter from [19] , and fitting the third pole with an effective mass. The result of this third effective pole is m B * ef f = (7.4 ± 0.4) GeV. It is expected that the ratio for the residue at the different poles are the same for D and B semileptonic decays [11] , and a constraint is applied in the fit. The fit results in:
and it is shown in Figure 4 -right. The uncertainty on V ub is dominated in this case by the knowledge of the g B * ( ) Bπ couplings entering in the residue. This value could also be improved by new Lattice calculations.
Conclusions
The D 0 → π − e + ν form factor and branching fraction is measured at BABAR . Results are competitive and in agreement with CLEO-c, BELLE and preliminary results from BES III. Experimental results in this channel are at present more accurate than Lattice QCD calculations. A physics interpretation of the D → π form factor is developed, in terms of a phenomenological three-poles model, using precise information † One should note that this value is consistent with the expectation at first order: m B /m D = 1.7. Fit to the dB/dw differential decay rate for B 0 → π − e + ν events measured by BABAR with an extrapolation of the D 0 → π − e + ν form factor measurement, assuming a constant ratio of form factors equals to 1.8 ± 0.2 from Lattice calculations. The V ub parameter is fitted. Right: Fit to the B 0 → π − e + ν events using the three-poles phenomenological model for the form factor, using constraints for the residues of B * , B * and fitting a third pole with an effective mass. The contribution for each pole is shown. The two lines indicate the theoretical uncertainties.
of the two first contributing poles. It is observed that these two poles cannot explain alone the form factor and an effective third pole is obtained. This description agrees well with data. The V ub matrix element is extracted using charm semileptonic decays, through two alternative approaches: assuming a constant form factor ratio from Lattice QCD, or considering the three-poles model, proved on D 0 → π − e + ν decays, on B 0 → π − e + ν events. Results are in agreement with recent Lattice calculations [20] and the measurement from LHCb [21] , in particular for the first approach. This method of V ub extraction will become competitive if new Lattice QCD computations on the form factor ratio are available.
